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SECTION 15170 
INVERTER DUTY AC MOTORS 


GENERAL 


SCOPE 


A. 


B. 


The Contractor shall furnish and install the equipment specified herein and as shown on the 
contract drawings. 


This specification details the requirements for indoor and outdoor horizontal AC motors as 
shown on the drawings. 


All couplings and base plates shall be supplied by others, unless otherwise indicated. 
Site operating conditions are as follows: 

1. 40 degrees C maximunv/-18 degrees C minimum, air ambient temperature 

2. 3300 feet above sea level 

3. 95% maximum relative humidity (non-condensing) 

4 


. Motor will normally be operated from an IGBT based PWM type adjustable frequency 
drive (AFD) 


+/-10% rated voltage with rated frequency when connected to the utility line 
+/-5% rated frequency with rated voltage when connected to the utility line 


7. +/-10% combined variation in frequency and voltage (sum of maximum values with 
frequency variation not to exceed 5% when connected to the utility line). 


Ou 


RELATED SECTIONS 


A. 
B. 


Section 16482 — Motor Control Centers 
Section 16483 — Adjustable Frequency Drives 


REFERENCES 


A. 


The motors shall be designed, manufactured and assembled in accordance with the latest 
version of NEMA standard MG-1 part 31, and applicable ANSI/IEEE standards. 


SUBMITTALS — FOR REVIEW/APPROVAL 


A. 


The following information shall be submitted to the Engineer: 
1. Mechanical dimensions 

Mechanical mounting information 

Electrical schematic and wiring diagrams 

Nameplate drawings 


Provide cut-sheet descriptive information showing the features and construction of the 
motors. 


ar wh 


SUBMITTALS — FOR CONSTRUCTION 
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INVERTER DUTY AC MOTORS 
SECTION 15170 


Provide the electrical and mechanical drawings as indicated in paragraph 1.04 updated and 
marked as “as-built.” 


The final (as-built) drawings shall include the same drawings as the construction drawings 
and shall incorporate all changes made during the manufacturing process. 


1.06 QUALIFICATIONS 


A. 


The manufacturer of this equipment shall have produced similar electrical equipment for a 
minimum period of five (5) years. When requested by the Engineer, an acceptable list of 
installations with similar equipment shall be provided demonstrating compliance with this 
requirement. 


1.07 REGULATORY REQUIREMENTS 


1.08 DELIVERY, STORAGE, AND HANDLING 


A. 


B. 


Delivery: Upon delivery to the job site, the Contractor shall inspect the motor thoroughly for 
damage. 


Handling: The motor shall be lifted in accordance with the manufacturer’s instruction. All 
necessary slings and spreader bars shall be provided by the Contractor. Under no 
circumstances shall the motor be lifted by using the shaft, encoder, or brake as an 
attachment point. 


Storage: The motor should be installed as soon as possible. If storage is required, the motor 
shall be stored under cover in a clean, dry location and shall be protected from rapid 
temperature changes. If storage is anticipated to be longer than two (2) months, the following 
additional steps shall be taken: 


1. The motor space heaters shall be energized. 


2. Motors with sleeve bearings shall have the oil reservoirs filled to the proper level with the 
specified oil. 

3. Motors with anti-friction bearings shall receive an initial change of grease and then be re- 
greased every six (6) months. 


4. The motor shaft braces shall be removed and the motor shaft rotated every two (2) 
weeks. The shaft braces shall be replaced prior to relocation to the installation site. Under 
no circumstances shall the motor be lifted without the braces in place. 


1.09 OPERATION AND MAINTENANCE MANUALS 


A. 


PART 2 


Equipment operation and maintenance manuals shall be provided with each assembly 
shipped, and shall include instruction leaflets and instruction bulletins for the complete 
assembly and each major component. 


PRODUCTS — AC INDUCTION MOTORS (1 TO 350 HP) 


2.01 MANUFACTURERS 


A. 


Cutler-Hammer 
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The listing of specific manufacturers above does not imply acceptance of their products that do 
not meet the specified ratings, features and functions. Manufacturers listed above are not 
relieved from meeting these specifications in their entirety. Products in compliance with the 
specification and manufactured by others not named will be considered only if pre-approved by 
the Engineer ten (10) days prior to bid date. 


2.02 RATINGS 


A. 
B. 
C. 


The motor horsepower ratings shall be as indicated on the drawings. 
Voltage: The motor voltage shall be as indicated on the drawings for 60 hertz operation. 


All motors shall be NEMA design A or B, optimized for use on an IGBT based AFD, unless 
otherwise specified on the drawings. 


Each motor shall be capable of two full voltage cold starts or one full voltage hot start in a 
one (1) hour period across the utility line. If additional starts are required, this requirement 
shall be as indicated. 


E. The noise level at base speed of each motor shall comply with NEMA MG -1-12.49. 


Motors shall be of the 1[standard] [premium] efficiency design. Guaranteed minimum 
efficiency full-load values shall be determined in accordance with IEEE Std. 112, method B. 
Values for load losses at 50%, 75% and 100% load shall be submitted. 


Power factor values at 50%, 75% and 100% of full load shall be submitted. 


Where shown on the drawings, the motor shall be designed for the type of reduced voltage 
starting technique shown. All necessary leads shall be available for proper connection. 


Service Factor: All motors shall have a service factor of 1.15 on sine wave power and 1.0 on 
PWM power. 


2.03 MECHANICAL CONSTRUCTION 


A. 


Enclosures: The motor enclosures shall be as indicated on the drawings or as required by 
NEC for where they are located. 


1. Totally Enclosed Non Ventilated (TENV) — The motor shall be designed so as to prevent 
the free exchange of air between the inside and the outside of the motor housing. No 
integral external cooling fan shall be utilized. All interior and exterior surfaces shall have a 
rust-proof base coat of paint and the finish coat shall be corrosive-resistant enamel. 


2. Totally Enclosed Fan Cooled, Standard Duty (TEFC-1) — The motor shall be designed so 
as to prevent the free exchange of air between the inside and the outside of the motor 
housing. An integral fan shall be provided to blow cooling air over the exterior surface of 
the frame. The fan shall be constructed of a corrosion-resistant material and the fan 
cover shall be constructed of polypropylene, steel, or cast iron. The motor frame and end 
brackets shall be cast-iron construction and shall have a stainless steel nameplate. One 
drain shall be provided in the frame bottom for condensation removal. 


*s Note to Spec. Writer — Insert data in blanks 
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3. Totally Enclosed Fan Cooled, Severe Duty (TEFC-2) — The motor shall be designed so 
as to prevent the free exchange of air between the inside and the outside of the motor 
housing. An integral fan shall be provided to blow cooling air over the exterior surface of 
the frame. The fan shall be constructed of a corrosion-resistant, non-sparking material. 
The motor frame, end bracket, conduit box, and fan cover shall be cast-iron construction, 
and shall be equipped with a stainless steel nameplate. Bronze breather drains shall be 
installed on all motors built on 254T frames or higher. Low sheath temperature space 
heaters shall be installed in motors 60 hp and larger. 


4. Totally Enclosed Explosion Proof, Standard Duty (TEEP) — The motor shall be totally 
enclosed and shall be designed to withstand an explosion which may occur within the 
enclosure. The enclosure shall also prevent the ignition of the specified gas, vapor or 
dust surrounding the machine by means of sparks, flashes or explosion of this gas or 
vapor within the motor enclosure. The motor will be designed for installation in Class 1, 
Group D area. The motor frame, end bracket and fan cover when equipped shall be cast- 
iron construction and shall be equipped with a stainless steel nameplate. An integral fan 
when required shall be provided to blow cooling air over the exterior surface of the frame. 
The fan shall be constructed of a corrosion-resistant, non-sparking material. Bronze 
breather drains shall be installed on all motors built on 254T frames or higher. 


The oversized conduit box shall be of the split pressed-steel or cast-iron construction for 
standard duty environments and shall be of the split cast-iron construction for severe duty 
and explosion-proof environments. The conduit box shall be fully gasketed and rotatable in 90 
degree increments. The conduit box shall be located in NEMA position F1 (left-hand side of 
the frame facing the shaft) or NEMA position F2 (right-hand side of the frame facing the 
shaft) as indicated on the motor schedule. If the motor is designated as explosion-proof, the 
conduit box shall carry the same UL rating as the motor. A frame grounding lug shall be 
provided in each conduit box. 


The motors shall be capable of being either floor, ceiling or wall mounted. The shaft location 
in all cases shall be parallel to the horizontal plane. 


Anti-friction ball bearings shall be provided on all motors below the 444T frame. All motors 
built on frames 444T and larger shall have roller bearings on the drive end for belted service 
or ball bearings for direct-coupled service and ball bearings on the front end. All bearings 
shall carry a “C-3” clearance classification. Motors shall have a double-shielded sealed 
bearing system, expect two-pole motors that may have a single shielded bearing on the drive 
end. Motors built on larger frames shall be equipped with re-greaseable bearings. All 
bearings shall be lubricated with Shell “Avania R-3” lithium grease or equivalent. The grease 
fittings shall be designed so that no uncoupling is necessary to perform the required 
maintenance. 


All windings shall be copper with end-turn lacing every two slots. A varnish treatment shall be 
applied to all motors designed for mill and chemical duty. This treatment shall allow 
installation in environments where relative humidity can reach 100%. 


All dimensions including that of the motor shaft shall be in accordance with NEMA MG-1. 
Where shaft modifications are required they will be noted in the motor schedule. 


Space heaters shall be provided as indicated on the drawings. 


All motor rotors shall be dynamically-balanced, pressure die-cast aluminum. Motors 
specified for mill and chemical duty shall be coated with epoxy paint. 
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|. Motor leads shall be permanently marked in accordance with NEMA MG-1 designations. The 
leads shall have an insulation class equal to or better than the insulation class of the motor 
windings. All motor leads shall be supplied with solderless lug terminals. 


J. All fasteners and motor hardware shall be either stainless steel or zinc dichromate plated. 

K. All two-pole motors and motors with frames 444T or larger may be unidirectional in the 
clockwise direction. All other motors shall be bi-directional. 

ELECTRICAL CONSTRUCTION 


A. Allinsulation shall be class F with the exception of explosion-proof motors built on frames 
143T to 365T, which shall have at least class B insulation. The magnet wire insulation shall 
be 200 degrees C rated polyester enamel. The phase-to-phase and phase-to-ground 
insulation shall be either Nomex or Dacron mylar. The complete winding shall be given the 
equivalent of multiple dips of non-hydroscopic polyester varnish immersions with an oven 
cure following each immersion. Motors for operation on IGBT inverters shall comply with 
NEMA standard MG1, part 31. 


WIRING/TERMINATIONS 

A. Control wire shall be type SIS, No. #14 minimum. 

B. All control wiring shall be terminated in spade-type terminations. Current transformer 
secondary wiring shall terminate in ring-tongue terminals. 

NAMEPLATES 

A. Astainless steel nameplate shall be provided on each motor. The nameplate shall contain 
the information required by NEMA Standard MG-1-10.40.1. 

FINISH 


A. For TENV and TEFC all interior and exterior surfaces shall have a rustproof base coat of 
paint and the finish coat shall be styrenated alkyd enamel. 


B. For TEFC severe duty all interior and exterior surfaces shall have a base coat and finish coat 
of corrosion-resistant epoxy paint. 


C. For TEEP all interior and exterior surfaces shall have a rustproof base coat of paint. The 
finish coat shall be styrenated alkyd enamel. 


PART 3 EXECUTION 


3.01 


3.02 


FACTORY TESTING 


A. Production Tests - AC Motors: Each motor shall receive a routine commercial test per NEMA 
MG-1-12 and IEEE Std. 112. Prototype test reports shall be supplied for each rating. 


B. The manufacturer shall provide three (3) certified copies of factory test reports. 


FIELD QUALITY CONTROL 


A. Provide the services of a qualified factory-trained manufacturer’s representative to assist the 
Contractor in installation and start-up of the equipment for a period of three (3) working days. 
The manufacturer’s representative shall provide technical direction and assistance to the 
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INVERTER DUTY AC MOTORS 
SECTION 15170 


Contractor in the general assembly of the motor, connections and adjustments, and testing 
of the motor and components contained therein. 


The following minimum work shall be performed by the Contractor under the technical 
direction of the manufacturer’s service representative: 

1. Verification of proper mounting and alignment 

2. Final inspection of the lubricating system 

3. Final inspection of the cooling system 

4. “Meggar’ test 

5. Final coupled test. 


The Contractor shall provide three (3) copies of the manufacturer’s field start-up report 
before final payment is made. 


MANUFACTURER'S CERTIFICATION 


A. A qualified factory-trained manufacturer’s representative shall certify in writing that the 


equipment has been installed, adjusted, and tested in accordance with the manufacturer's 
recommendations. 


B. The Contractor shall provide three (3) copies of the manufacturer’s representative’s 
certification before final payment is made. 

TRAINING 

A. The Contractor shall provide a training session for up to five (5) of the owner’s 
representatives for three (3) normal workdays at a job site location determined by the Owner. 

B. The training session shall be conducted by a manufacturer’s qualified representative. 

C. The training program shall consist of the following: 
1. Proper maintenance procedures 
2. Proper servicing procedures 
3. Proper operating procedures. 

INSTALLATION 

A. The motors shall be installed by the Contractor in accordance with the manufacturer’s 
instructions. 

B. Any slushing compound on the shaft or other parts shall be removed using a petroleum-type 
solvent. 

C. Any and all shaft shipping braces shall be removed after the motor is placed in its final 
location. 

D. The motor shall be mounted in accordance with the manufacturer’s instructions. Special 
care shall be taken to ensure that the motor shaft is level. 

E. lf asoleplate has been provided, it must be located, leveled and grouted into place following 
the best practices. 

F. The Contractor shall install the motor coupling in accordance with the coupling 


manufacturer's instruction. Under no circumstances shall the motor shaft be modified to 
accommodate the coupling. 
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The motor shall be aligned axially with driven equipment. This alignment shall be done in 
accordance with the manufacturer’s instruction. 


Incoming power connections shall be made in accordance with this specification and the 
section dealing with wiring practices. 


All secondary wiring connections shall be made in accordance with the Contract documents 
and manufacturer's wiring diagrams. 


The motor space heaters shall be connected to a reliable 120V AC source. 


FIELD ADJUSTMENTS 


A. 


B. 


C. 
D. 


=e 


The Contractor shall fill any oil reservoir with the manufacturer's specified oil. 


If the manufacturer requires that the anti-friction bearings receive an initial change of grease, 
the Contractor shall perform such work. 


The motor shaft shall be turned by hand to ensure there is free rotation. 


For TEFC motors, the area around the external fan inlet shall be checked for loose debris 
that could be drawing into the fan during operation. 


All external, factory-made, bolted joints should be checked for tightness. 


FIELD TESTING 


A. 


B. 


The Contractor shall perform an insulation test of the stator insulation resistance in 
accordance with the manufacturer’s recommendations. 


The Contractor shall make an initial uncoupled test of the motor. The motor shaft rotation 
shall be noted and verified that it is turning in the proper direction. The motor bearing 
temperatures shall be monitored for excessive temperatures or excessive vibration. If any 
abnormal vibration or noise occurs the motor shall be immediately stopped. A factory-trained 
manufacturer’s technician shall inspect and test the motor prior to any further operation. 


The Contractor shall make coupled start-up tests. The starting time should be measured and 
verified that it is less than the manufacturer's rated stall time. When the motor reaches full 
speed, the motor shall be carefully observed to verify that there is not excessive vibration or 
noise. The bearing temperatures shall be monitored to verify proper cooling. The line 
currents shall be monitored to verify “balanced” conditions. In addition, the Contractor shall 
verify that the cooling and lubrication systems are operating properly. For motors with 
external systems, the temperature, pressure, flow rate, etc. shall be verified as correct. 


. The Contractor shall provide three (3) copies of the field start-up tests before final payment is 


made. 


15170-7 12/02 


